ABSTRACT. Herpesviral DNA was detected in 24/261 DNA samples that were extracted from whole blood of 13 wild animal species in South Africa. Herpesviral DNA was shown in 22 impalas (Aepyceros melampus) and 2 springboks (Antidorcas marsupialis). All of DNA sequences detected in impalas were identical, whereas two DNA sequences detected in springboks were different each other. These three sequences showed 44 to 72% homology to the corresponding gene of the Gammaherpesvirinae, indicating that these three viruses should be unrecognized novel gammaherpesviruses. The putative novel herpesviruses were tentatively designated as Aepyceros melampus (impala) herpesvirus 1 (ImHV-1), Antidorcas marsupialis (springbok) herpesviruses 1 (SpHV-1) and 2 (SpHV-2). ImHV-1 seems to be a relatively independent virus. SpHV-1 belongs to a group of ruminant lymphotropic herpesviruses and SpHV-2 is closer to a malignant catarrhal fever virus group. Potential threat of these herpesviruses to domestic animals should be considered.
Much attention is paid to the role of wild animals in the transmission of diseases to livestock. Converse situation have also been reported where livestock serve as a source of infection for wild animals [24] . Although, outbreaks or natural disease in wild animals are limited. Neutralizing antibodies to a number of common viral pathogens of domestic animals have been found in sera of wild animals [2, 4, 7] , including antibodies against Allerton disease, equid herpes virus-1, bovid herpesvirus-2, and infectious bovine rhinotracheitis. It appears that herpesviruses be more common in wild animals than other viruses. Herpesviruses comprise a large group of viruses causing widespread diseases in man, domestic and wild animals [20] . A feature of all herpesvirus infections is lifelong persistence of the virus in the body, usually in latent form. Sites of latent infection include trigeminal ganglions [1, 19] and lymphocytes [6, 11] . Virus in persistently infected tissue can be diagnosed by PCR and other molecular methods [8] .
The herpesvirus DNA polymerase gene has been widely used as a target for the detection of new herpesviruses and investigation of their evolutionary relationships [3, 4, 12, 18, 21, 22] . DNA polymerase gene sequence alignments correlate highly with the subfamily classification of herpesviruses, which is based on a variety of biological properties [15, 20, 23] .
In this study, we attempted to detect herpesviruses in wild animals of South Africa, which has exported wild animals to other countries for display, research and so on. We found three herpesvirus-related DNA polymerase gene sequences in impalas and springboks, indicating that there were three unrecognized novel members of gammaherpesvirus.
Whole blood was taken from 261 animals of 13 species in South Africa from 2000 to 2001 for routine tests during quarantine before export (Table 1) . Total DNA of peripheral leucocytes was extracted with a Sepagene kit (Sanko Junyaku, Japan). Amplification of herpesvirus DNA was performed with the nested PCR using degenerated consensus primers targeting to the highly conserved region of the herpesvirus DNA polymerase gene [5, 12] . Amplification conditions for the consensus PCR was described by Li et al. [12] . All amplified fragments were purified from electro- phoresis gels using a QIAQuick Gel Extraction Kit (QIAGEN, Inc., U.S.A.). PCR products were ligated into pGEM-T easy vector (Promega, U.S.A.) with a TaKaRa Ligation Kit (TaKaRa, Japan) to transform competent Esherichia coli DH5α cells (Life Technologies, Japan). At least three clones from each PCR product were selected for sequencing. Recombinant plasmid DNA was extracted with a Flexi Prep Kit (Amersham-Pharmacia, Japan). DNA fragments were sequenced with a ThermoSequenase Cycle Sequencing kit (Amersham-Pharmacia, Japan) and M13 universal and reversal Cy5.5-labeled primers by GeneRapid system (Amersham-Pharmacia, Japan) in house and some fragment were read at DragonGenomic Inc., Mie, Japan. Sequences were assembled and analyzed with Genetyx-MAC/ATSQ and GENETYX-Mac (SDC, Japan). Homology analysis was examined using the DDBJ Homology Search System (http://www.ddbj.nig.ac.jp/Email/homology.html) and NCBI-Blast (http://www.ncbi. nlm.nih.gov/BLAST). Sequences were multiple aligned by CLUSTAL X program [9] . Phylogenetic trees were constructed on predicted amino acid sequence alignments using the PROTDIST, NEIGHBOR and DRAWTREE of PHYLIP program package (University of Washington, U.S.A.). The phylogenetic tree was statistically evaluated using bootstrap analysis (100-fold resampling) by programs Seqboot and ConsensUS in the PHYLIP package.
Twenty-four (9.2%) out of 261 blood samples collected from 13 wild animal species in South Africa were PCR-positive (Table 1) . PCR products were detected in two species of impalas and springboks with the positive rates of 22/49 (44.9%) and 2/84 (2.4%), respectively.
Three kinds of DNA sequences were found in the 24 PCR-positive samples (Fig. 1) . All the 22 sequences of impala samples were identical. Two sequences in springbok were different from each other as well as from the impala sequences. Comparing the predicted amino acid sequences of these three sequences by database search using BLAST, we could not find any sequences higher than 72% identity. The database search indicated that these three viruses should be unrecognized novel gammaherpesviruses. These putative novel herpesviruses were tentatively designated as Aepyceros melampus (impala) herpesvirus 1 (ImHV-1), Antidorcas marsupialis (springbok) herpesviruses 1 (SpHV-1) and 2 (SpHV-2). DNA sequences reported in this paper were deposited in DDBJ under accession numbers of AB194012 for ImHV-1, AB194010 for SpHV-1, and AB194011 for SpHV-2. The closer sequences were caprine herpesvirus 2 (62% identity) and alcelaphine herpesvirus 1 (60% identiy) for ImHV-1, American bison gammaherpesvirus, bison herpesvirus and caprine lymphotropic herpesvirus (71% identities) for SpHV-1, and caprine herpesvirus 2 (62% identity) and alcelaphine herpesvirus 1 (60% identiy) for SpHV-2 (Fig. 2) .
Phylogeny analysis indicated that ImpHV seems to be independent on other members of gammaherpesviruses, whereas SpHV-1 would be a member of non-malignant catarrhal fever (MCF) group including lymphotropic herpesviruses of wild and domestic ruminants. SpHV-2 would be relatively closer to malignant catarrhal fever viruses (Fig.  3) .
We detected three potentially new herpesviruses in impala and springbok, although we could not perform virus isolation. The results indicated that one of springbok was infected with a herpesvirus, SpHV-1, which should be a non-MCF group virus including so-called 'ruminant lymphotropic herpesvirus' group and rhadinoviruses (Fig. 3) . SpHV-2 seemed to be relatively closer to a malignant catarrhal fever virus group. ImHV-1 does not belong to any known group of gammaherpesvirus. Gammaherpesviruses are known to be lymphotropic. Other investigators identified an unknown herpesvirus in cattle (bovine lymhotropic herpesvirus) and five known ovine herpesviruses [21] and new herpesviruses from wild animals including muskox (Ovibos moschatus), Nubian ibex (Capra nubian) and Southern African oryx (Oryx gazella) [13] with these same primers used here. Many gammaherpesviruses may be prevalent and some can infect not only their natural hosts but also other ruminants as accessory hosts [3, 10, 12, 14, 17, 21, 22] . All samples examined at the present study were taken from apparently healthy animals. Our results suggest that there may be a large number of gammaherpesviruses infecting ruminants without clinical symptoms in the natural hosts. It is not known whether the three new gammaherpesviruses found in this study are pathogenic in other animals including domestic animals and human beings. However, MCF virus has been reported to infect other animals and cause severe epizootics with high morbidity and mortality [10, 12] . Therefore, further investigations are needed to study the pathogenicity of the new viruses in wild and domestic animals.
